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ABSTRACT
Absolute dating methods have been used in chronological studies of geological processes and sedimentary units of
Quaternary age in Central Amazonia, Brazil. Although radiocarbon dating has been very useful in archaeological
research and soil studies, the temporal interval of this method is inefficient in evaluating the sedimentation aspects and
geological events from the beginning of the Quaternary in the Amazon basin. The use of crystal luminescence dating has
been one of the most promising tool for determining the absolute dating of Quaternary deposits in the Amazonian region.
Optically stimulated luminescence (OSL) dating, following the MAR and SAR protocols, in a tectonic-sedimentary
study of Quaternary fluvial deposits in the confluence area of the Negro and Solimões rivers, indicated ages from 1.3
(Holocene) to about 67.4 kyears (Late Pleistocene) for these sediments. Low radioactive isotope concentrations were
found about 2ppm for 235U and 238U; 5ppm for 232Th; and the 40K concentrations were almost zero. A comparison
was made between MAR and SAR protocols taking into account the fluvial depositional process.
Key words: crystal luminescence dating, Quaternary, fluvial terraces, Central Amazonia.
INTRODUCTION
The stratigraphy of Cretaceous and Cenozoic deposits
in the Amazon basin has not yet been completely es-
tablished due to the lack of geochronological dating.
Isolated measurements based on palynomorphs allowed
age-determinations of some intervals of Cretaceous and
Miocene units, while radiocarbon dating is restricted to
the most recent time-interval of the Quaternary. Further-
more, the lack of sedimentary and stratigraphic studies
has avoided the means by which to adequately analyze
inter and intra-basin correlations among Quaternary de-
posits. These deposits are relatively thick, reaching tens
of meters, and have become homogenized due to weath-
ering. A large part of Quaternary deposits in the con-
fluence zone of the Negro and Solimões rivers has been
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correlated to the Solimões (Miocene) and Içá (Pliocene-
Pleistocene) formations from the Solimões basin (Lou-
renço et al. 1978, Franzinelli and Piucci 1988, Franzi-
nelli and Latrubesse 1993, Franzinelli and Rossi 1996,
Franzinelli and Igreja 2002, Latrubesse and Franzinelli
2002, Carta Geológica do Brasil ao Milionésimo 2004).
Radiocarbon dating has served as the world refer-
ence standard for almost five decades, greatly facilitating
the understanding of the dynamics of terrestrial systems
developed over the last 20,000-30,000 years (Blum and
Törnqvist 2000). However, the use of radiocarbon dating
for Amazonian fluvial deposits is still limited (Latrubes-
se and Franzinelli 1998, 2002, Rossetti et al. 2005), and
many records remain poorly understood. In part, this is
due to a lack of organic material, especially in reference
to the older alluvial deposits, which have been intensely
weathered. The other factor is the limiting nature of
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the radiocarbon dating method, which is inefficient for
records older than 40,000 years.
In the last few decades, absolute dating of Qua-
ternary deposits in Brazil has involved the use of the
crystal luminescence method (J.C. Stevaux, unpublished
data, S.R. Dillenburg, unpublished data, Suguio et al.
2003, Gianinni et al. 2003, Tatumi et al. 2006, among
others). Although, in the Amazon the use of this tech-
nique is still fairly new (Carneiro-Filho et al. 2002,
Teeuw and Rhodes 2004, Tatumi et al. 2007), it has
been shown to be efficient in analyses of Quaternary
deposits taken from regions around the cities of Man-
aus and Manacapuru. In this study, quartz crystals were
dated utilizing the OSL method using single (SAR) and
multiple aliquots regeneration (MAR) protocols (Mur-
ray and Wintle 2003). Age results were correlated to
the migration of past fluvial systems in the region.
QUATERNARY GEOCHRONOLOGICAL ASPECTS
IN THE AMAZON
The chronology of the main geological processes of the
Quaternary can be calibrated with measurements of
short and middle half-life radioisotope concentrations.
In the Amazon, the 14C method has been effectively
used to date carbon included in ceramic fragments and
organic carbon remains from archaeological sites (Pe-
tersen et al. 2001, Hornborg 2005, Machado 2006,
Schaan 2007) and soils (Sanford et al. 1985, Saldarriaga
and West 1986, Bassini and Becker 1990, Santos et al.
1999a, Freitas et al. 2001, 2002), as well as identifying
intervals of paleoclimatic changes (Absy 1982, Martin et
al. 1993, Turcq et al. 1993, 1998, Behling et al. 2001).
The chronological interval of the 14C method, which is
restricted to the last thirty fo forty thousand years, has
limited the study of older deposits from Amazonian flu-
vial systems. Furthermore, the validity of previous age
measurements for these deposits is now questioned, as
well as the resolution of the 14C method being insuffi-
cient for accurately dating such older deposits. Also, if
collections were taken from areas close to the surface,
these deposits could become contaminated by organic-
rich soil material (Irion et al. 2005). Considering these
limitation, dating by crystal luminescence has become
one of the most promising tools for determining absolute
age of diverse Quaternary sedimentary deposits (Suguio
et al. 2003, Gianinni et al. 2003, Barreto et al. 2004, D.
Bentz, unpublished data, Tatumi et al. 2006), including
those from fluvial systems (Page et al. 1996, Fuller et al.
1998, Mozzi et al. 2000, Nanson et al. 2005, Sylvia and
Galloway 2006).
The methods of thermoluminescence (TL) and op-
tically stimulated luminescense (OSL), following the
MAR protocol, have been used for dating aeolian paleo-
dunes in the middle Negro river (Carneiro-Filho et al.
2002, Teeuw and Rhodes 2004) and overlying sediments
of the Barreiras Formation in northeastern Pará State
(Tatumi et al. 2007). The application of the OSL method,
in accordance with the MAR and SAR protocols, has
also proved to be efficient in the study of Quaternary
fluvial deposits from the confluence area of the Negro
and Solimões rivers in Amazonas State (E.A.A. Soares,
unpublished data) (Fig. 1). In the present study, the as-
sociation of geochronological data with sedimentary and
stratigraphic analyses has set the foundation for inter-
preting regional tectonics dating back to 420,000 years,
as well as the evolution of fluvial dynamics over the last
62,000 years. These developments, in turn, have cre-
ated new perspectives for understanding the last phase
of sedimentation in the Amazon basin.
GEOLOGICAL SETTING
Evidence of the Quaternary tectonic and sedimentary
history of the Solimões-Amazon river system is regis-
tered in fluvial terrace deposits found in the confluence
zone of the Negro and Solimões rivers, developed over
the Cretaceous (Alter do Chão Formation) and Neogene
(Novo Remanso Formation) siliciclastic units (Fig. 1).
Extensional tectonics originated tectonic depressions
that have controlled the Pleistocene sedimentation in-
fluenced by Solimões river (Paraná do Ariaú – GPA and
Lago do Miriti – GLM grabens) and Negro river (Ca-
cau do Pirera – GCP and Cachoeira do Castanho – GCC
grabens) dynamics.
The fluvial terraces of GPA e GCC are related to
secondary meander systems with the development of
floodplain, whereas the GCP and GLM served as re-
stricted flooded zones with the predominance of sus-
pension sedimentation. The Pleistocene units occur in
three levels of terraces. The Negro river always exhib-
ited a straight channel style, confined in basement Cre-
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Fig. 1 – Geological setting and location of studied sites.
taceous and Miocene rocks and with restricted alluvial
plain, whereas the fluvial pattern of the Solimões river
has changed during the Holocene. The terraces of So-
limões river show scroll-bars morphology with inclined
heterolithic stratification, indicating a meandering chan-
nel pattern.
During the Late Pleistocene and Early Holocene,
sea level rise, together with the change to a more hu-
mid climate, caused an increased aggradation rate of
suspended fine-grained sediments that allowed a greater
cohesion of channel margin stabilized by the growth of
abundant vegetation. Such conditions favored the devel-
opment of the current anastomosing-anabranching style
of the Solimões-Amazonas system.
METHODS
For OSL dating procedure, the samples were collected
with PVC and aluminum tubes of 25-50 cm in length,
and 5 cm in diameter at the locations shown on the ge-
ological map (Fig. 1). All the samples are sediments
deposited by fluvial system, and those collected at high
points of the terrace, where the water contents are about
2-3%, and they did not remain immersed during long
periods of the year. However, for 5 samples we con-
sidered water saturated content and the samples were
submerged during half year; therefore, we adopted the
value of 15% in these cases (Table I).
Pure quartz grains of 180-250μm in grain size
were separated after being treated with H2O2 for 4 hours,20% HF for 45 min, 20% HCl for 2 hours, and heavy
liquid (SPT) treatments. Feldspar crystals were not ob-
served in the samples during a test using OSL measure-
ments with IR stimulation. OSL measurements were
recorded with a model 1100-series automated TL/OSL
system, of Daybreak Nuclear and Medical Systems Inc.
For quartz stimulation, green and blue lights were ap-
plied and the OSL signal detected with a U-340 optical
filter. The samples amounts were weighted before each
measurement for intensities normalizations. Gamma ir-
radiations were carried out with a 60Co source delivering
(110.0± 5.5) mGy/s, and lucite plates were used to pro-
vide the charge particle equilibrium in the sample.
Radioactive contents of the sediments were deter-
mined by gamma-spectroscopy with an portable inspec-
tor spectroscopy workstation (Canberra), equipped with
a NaI(Tl) detector, model 802-2×0.5. Crystal size was
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TABLE I
Radioactive isotope concentrations of the samples, water content, paleodose (P) by MAR,
cosmic radiation contribution (ADc.r.), total annual dose rate (AD) and ages by MAR and SAR protocols.
U Th K-40 Water ADc.r. AD Age (ka) Age (ka)Sample (ppm) (ppm) (%) content P (Gy) (μGy/a) (Gy/ka) MAR SAR(%)
NS-20A 1.90 ± 0.25 4.95 ± 0.18 0.14 ± 0.02 2 53 ± 12 178 1.16 ±0.9 45.6±14.0 65.0±2.4
NS-28A 0.99 ± 0.08 2.22 ± 0.08 0.07 ± 0.02 2 36.6± 8.6 178 0.66±0.04 55.3±16.3 65.0±2.4
NS-74B 1.80 ± 0.21 4.38 ± 0.16 0.84 ± 0.12 15 76 ±10 178 1.56±0.19 48.6±12.3 44.7±1.8
NS-143 2.04 ± 0.22 5.79 ± 0.21 0.31 ± 0.05 15 8.7 ±1.8 178 1.25±0.12 7±2 8.9–13.0
NS-268 2.13 ± 0.13 6.30 ± 0.23 0.79 ± 0.11 15 2.3 ±0.4 178 1.71±0.16 1.3±0.4 1.6±0.1
NS-198 1.75 ± 0.04 5.27 ± 0.13 0.02 ± 0.01 2 68.2±7.2 198 1.05±0.03 65.2±8.8
NS-230 1.45 ± 0.03 4.37 ± 0.11 0.01± 0,01 3 53.9±4.3 198 0.89±0.26 60.7±6.6
NS-242 1.58 ± 0.04 4.76 ± 0.12 0.01 ± 0.01 15 6.4±0.5 198 0.85±0.03 7.5±0.9
NS-238 1.66 ± 0.04 4.98 ± 0.13 0.08 ± 0.01 15 32.4±3.1 198 0.94±0.03 34.5±4.4
NS-224 0.70±0.02 2.10±0.05 0.01±0.01 2 229± 20 198 0.54±0.09 427± 44
NS-030 1.84±0.04 5.69±0.04 0.02±0.001 2 284±26 198 1.10±0.26 249±30
51×13mm, and a lead shield was used, model 727 (Can-
berra). Each sample contained 100 g and was measured
for 7 days. To calibrate the method, four standard soils
samples were used (JR-1, JB-3, JG-1a and JG-3) and
the applied energy peaks were: 295, 609 and 1120keV
for U; 338 and 2620keV for Th; and 1460keV for K.
Cosmic rays contribution was measured in situ (S 01◦
28.894′; W 048◦ 27.207′), giving a value of 178μGy/
year, and for another sampling sites the rate was cor-
rected by equations cited in Prescott and Hutton (1994).
A total of eleven samples were dated by MAR, and
five samples were selected to be dated by SAR (Murray
and Wintle 2000, 2003). In the adopted MAR proto-
col, using the total regeneration method, all the aliquots
(with the exception of the natural aliquots, about 10) are
bleached to near zero by sunlight exposure during 16
hours and then given laboratory doses. Preheating tem-
perature was chosen after a series of experiments with
effects of preheating at 200, 220 and 240◦C on the re-
generative signals; these experiments demonstrated that
the temperatures of 200◦C yielded the most reproduc-
tive paleodoses. Following preheating, the OSL shine
down curves of the aliquots were measured, the late-light
regions were subtracted (Aitken and Xie 1992), and the
paleodose values were obtained by direct comparison of
the natural OSL with the ones resulting from artificial
irradiations.
SAR protocols were performed following Murray
and Wintle (2000). Preheating temperature was the same
used for MAR protocol. Test for dose recovery was
performed and the results showed that recovered dose
matches the given dose. For the paleodose determina-
tions, at least 20 aliquots were measured per sample.
RESULTS AND DISCUSSION
In order to study fluvial system deposits in the Ama-
zon, geochronological data obtained by radiocarbon dat-
ing and crystal luminescence should be associated with
reliable stratigraphic analyses. Samples must be col-
lected from layers that do not show signs of them being
re-exposed, reworked or contaminated by surficial pro-
cesses, which means all factors that compromise the effi-
ciency of the used methods. Elevated levels of precipita-
tion, humidity and weathering (predominantly chemical)
in tropical regions can cause erroneous dating calcula-
tions. For example, in radiocarbon dating, the contam-
ination of a sample by present-day carbon can result in
mistaking a much older sample for a younger one (Santos
et al. 1999a, b). Therefore, the application of radiocar-
bon dating should be restricted to more recent units.
Conversely, high rates of weathering can accelerate
the processes of mineral alteration and remobilization of
radioactive elements (thorium, uranium and potassium-
40), which can cause an imbalance in the decayment
of radioactive isotopes, thereby impairing the ability to
date using the crystal luminescence method (Nanson et
al. 2005). In the OSL method, concentrations of radioac-
tive material, which surround the periphery of the grains,
are considered to remain constant over the time. If the
quantities of these elements diminish over time due to
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dissolution and/or remobilization caused by interstitial
solutions, the calculated age could be determined to be
older than the actual age because of an underestimation
of the actual radiation rate.
A typical calibration curve obtained for the sam-
ples employed in this study using MAR displays an ex-
ponential growth with saturation. Figure 2 shows an
example curve obtained for sample NS-74B, with the
paleodose of 76 ± 10 Gy. The paleodose uncertainties
adopted for MAR are the standard deviation of the mean.
Although the natural fluctuations in TL levels are large,
the OSL values of aliquots recuperated with irradiation
in the laboratory oscillated with the same uncertainty
observed in natural OSL conditions. Therefore, either
the OSL signal of the sample had not decayed homoge-
neously during deposition, or this fluctuation is due to
intrinsic properties associated with defects found within
the grains. The uncertainties of P were found to be ap-
proximately 20%, with the exception of NS-143, which
was 44% (Fig. 3). These percentages will be later dis-
cussed in reference to the results of the SAR experi-
ments. The P results and dating measurements in accor-
dance with the MAR are shown in Table I.
Equivalent dose, De, was evaluated by SAR, andthe age histogram frequencies were fitted with Gaussian
equation; in the cases when it was observed a broad dis-
tribution, the outliers are omitted from the calculation.
The number of the aliquots ranges from 12 to 19.
In Figure 3a, one can observe that almost symmet-
rical frequency of the ages was obtained, for sample NS-
20A, after the adjustment of the data to a Gaussian dis-
tribution. The average age of the sample was calculated
at 63.3 ± 2.4 kyears. The correct age using Gaussian
fitting is most likely 65.0 ± 2.4 kyears. Ages uncertain-
ties that were used are standard errors on the mean. The
symmetry of the curve indicates that, at the time of de-
position, the OSL value of the sample was essentially
erased. As the width of the Gaussian distribution is not
so large, about 10.6 kyears, and most of the frequency is
centered on the average, one can deduce that the deposi-
tion of this layer occurred within a short span of time.
The result of sample NS-28A (Fig. 3b) also pres-
ents a symmetrical frequency. Considering the Gaussian
frequency curve, the age of this sample is about 65.0 ±
2.4 kyears, and the average age was almost the same at
65.5 ± 2.4 kyears. The coincidence of ages presented
by samples NS-20A and NS-28A, from the GPA, rein-
forces the age of upper terrace of Ariaú river.
For sample NS-74B (Fig. 3c), the histogram pres-
ents a normal distribution centered at the age of 44.7 ±
1.8 kyears. Curve symmetry maybe indicates that, at
the moment of deposition, the OSL values were near to
zero and the grains were practically bleached homoge-
neously. As with sample NS-20A (Fig. 3a), the width of
the Gaussian distribution is about 10 to 15%, and most
of the frequency is centered near the average. In the
frequency histogram of sample NS-143 (Fig. 3d), an ir-
regular distribution was obtained and the values suggest
that the deposition occurred within a time interval of be-
tween 8.9 and 13 kyears. The age of sediments from the
GCC (sample NS-74B) indicates the beginning of the
deposition in the Negro river.
Sample NS-268 mainly presented low age values,
with the largest concentration at 1.6 ± 0.1 kyears and
other smaller fluctuations dating up to 2.3 kyears. Based
on stratigraphy data of E.E.A. Soares (unpublished
data), the age of this sample should be intermediary be-
tween the ages obtained for samples NS-20A and NS-
143. Therefore, this low age is probably due to sub-
aerial exposure of reworked sediments by the dynamics
of secondary channels on alluvial plain. It should be
noted that, currently, there are not sediments deposited
above this unit.
The oldest fluvial terrace deposit of the Solimões
river, represented by the sites NS-198 and NS-230 (Fig.
1, Table I), were also dated by OSL dating using the
MAR protocol, yielding ages of 65.2 ± 8.8 and 60.7
± 6.6 kyears, respectively. These dates are compatible
with those obtained from the oldest terrace deposits of
the Ariaú river (from the GPA) (Fig. 3a and b), and re-
flect the beginning of the Quaternary sedimentation in
the region, which relates directly to the establishment of
meandering fluvial systems of the Solimões and Ariaú
rivers during this time-interval. Deposits from the lower
terrace, represented by the sites NS-242 and NS-238
(Fig. 1), yielded ages between 7.5 ± 0.9 and 34.5 ±
4.4 kyears, respectively. The wide chronological inter-
val of these lower terrace deposits is consistent with the
time-interval obtained for the lower terrace deposition
of the Ariaú river, from the GPA (site NS-143, Fig. 3d),
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Fig. 2 – OSL calibration curve using the method of multiple aliquots and total re-
generation method for the sample NS-74. See figure 1 for the location of the sample.
and at the same time it was recorded the final mean-
dering phase of the rivers in the region. An older age
(sample NS-030) of about 249 kyears was determined
for intermediate terrace deposits of the Solimões river
through extrapolation of the age intervals obtained for
the upper and lower terraces. This result means that the
OSL signal of the grains was not erased at the time of
deposition probably due to rapid sedimentation and/or
sub-aqueous transport.
Using the MAR protocol, the material from the
GCP tectonic depression (Fig. 1) was dated at 427 ±
44 kyears (sample NS-224) (Table I). The age of this
material probably reflects the last period of sub-aerial
exposure of the Miocene Novo Remanso Formation be-
fore the Pleistocene sedimentaion. During the exposure,
the quartz grains had their previous OSL signal erased
and were submitted to forceful ionizing radiation (cos-
mic rays and radioactive isotopes), which started a new
accumulation of energy in the crystalline perimeter of
the mineral.
CONCLUSIONS
The application of crystal luminescence dating methods
in sediments, in accordance with the MAR and SAR pro-
tocols, has contributed to a better understanding of the
tectonic-sedimentary evolution in the confluence of the
Negro and Solimões rivers, in Central Amazonia.
Dating of approximately 430 kyears was deter-
mined for the material from the top layer of the Miocene
Novo Remanso Formation in the GCP and indicates the
last phase of sub-aerial exposure of this unit before the
Pleistocene deposition.
The age of approximately 44 kyears obtained for
sediments from the GCC indicates the beginning of sed-
imentation in the Negro river.
The OSL results for the deposits of fluvial terraces
of the Solimões and Ariaú rivers revealed a continuous
range of ages arranged along the analyzed units, which
ranged from 65.2 to 7.5 kyears. This variation represents
lateral accretion events that occurred during the phases
of channel migration of fluvial systems in the region.
The chronological relation between the oldest flu-
vial terraces of the Solimões and Ariaú rivers in the GPA
is an evidence of the first phase of establishment of me-
andering fluvial systems associated with the rivers in
this region, occurring at approximately 65 kyears ago.
The chronological interval of 34.5 to 7.5 kyears obtained
from fluvial terraces of the Solimões and Ariaú rivers
in the GPA indicates the maximum limit of persistence
of the meandering systems formed by these rivers. The
age variation obtained for deposits of the intermediate
terrace of the Solimões river reflects the rapid deposition
of fluvial bars, which could have avoided the extinction
of the OSL signal in the grains of the deposits, thereby
harming the outcome of the dating process.
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Fig. 3 – Histograms of ages utilizing the OSL method with SAR protocols for Quaternary sedimentary deposits of the alluvial floodplain of the
GPA (NS20A, NS28B, NS143) and CGC (NS74) grabens.
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RESUMO
Métodos de datação absoluta têm sido usados em estudos cro-
nológicos de processos geológicos e unidades sedimentares de
idade quaternária na Amazônia Central, Brasil. Embora as
datações pelo 14C tenham sido muito úteis na pesquisa arqueo-
lógica e estudos de solos, o intervalo de tempo abrangido por
este método é ineficiente para avaliar aspectos da sedimen-
tação e eventos geológicos do início do Quaternário na bacia
Amazônica. O uso da datação por luminescência de cristais
tem sido uma das ferramentas mais promissoras para a deter-
minação da idade absoluta de depósitos quaternários na região
amazônica. A datação por luminescência opticamente estimu-
lada (LOE), seguindo os protocolos MAR e SAR, em um estudo
tectono-sedimentar de depósitos aluviais quaternários da área
de confluência dos rios Negro e Solimões, indicou idades de
1,3 (Holoceno) até aproximadamente 67,4 ka (Pleistoceno tar-
dio) para estes sedimentos. Baixas concentrações de isótopos
radioativos foram encontradas, com cerca de 2ppm para 235U e
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238U, 5ppm para 232Th e próximas a zero para 40K. Uma com-
paração é feita entre os protocolos MAR e SAR considerando-
se os processos deposicionais fluviais envolvidos.
Palavras-chave: datação por luminescência de cristais, Qua-
ternário, terraços fluviais, Amazônia Central.
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